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I' Edwabb FaAKK SrAHisEa, of 13, 
Shooters Hill Eoad. BlacUieath. London, 
S.E.3. BriHaak, do . liereby declare the 
mtnra o£ tiiie inyention to be a* 

* *Tlxis mventioii is canorarixed Tfitii tubu- 
lar Keat exdiange apparatuBm wluci tea* 
transfer is reQuired tetweeu hot aad cold 
Haiis, ajid partbalarly with 
10 waterlieater emoke tubea or iretuibes 
throuffli which hot gasee are passed from 
the tonaces of diiectrfiied boilere, or from 
other sources of hot gases such as the ex- 
haiifft gas from gas engines or Diesel 
16 engines, end has for^its ohgect in su^ 
oases iiproTement of the rate of heat 
transfer from the hot ^ases wii^n the 
tuheB to watCT surroundisff these tuUes. 
Tha invention is carried into efiect by 
in providing one or mote olain, stepped, or 
tapraed spiral grooves alonff the whole or 
pS of the lenffth of each tube, the spiral 
erooves being formed by pressing the wall 
of the tube inwards towards the asis oi 
25 the iobe. These inwardly pressed grooves 
force iihe gas to take a pa^iaWy. sP^"^ 
path in passing from one end of the tube 
to the lather and also to come into more 

• intimate conia»t.witJi the wall of the tube 
30 wherever the atreaan of gas is forced by 

ite speed of fiow across the line o| the in- 
warfly pressed groove- • ^ additional 
beneficial effect is secured when the 

• grooves vn deepened on a steRped or 



tapered manner and/ or modified m angle 85 
and direction of pitoh toTna;d» the ^t 
end of the tuibe, by rewon of tie fact Uat 
the available area of the p^awi i^n^ 
the tttbe is gradually restocted. Uiw*y 
causing the speed of flow of the ga* to be 40 
maintuned or even accel^ated although 
the vtfteie of the gas is reduced due to ite 
loss of temperature 

Where desired, the invention also pro- 
vides for the inclusion within the tuibe ot 45 
a plain or twisted strip of metal to serve 
as an additional agent for promotii^ 
tuiibulence in the gas flow, and also to 
afford support to the tabe from the inside 
when it is euibjected to external water 60 



It shOtdd be noted that in addition to 
the oases dxeady mentioned the invention 
is also of value in gas fired -boilers having 
an individual jet to each tube. . 68 

The great advantage of the invenUon is 
that a given heat transfer can be secured 
with shorter tubes and therefore a shorter 
and lighter boiler or heat exchonse unit. 
Further, the rate of heat transfer per 60 
sauare foot of tute surface is brought 
nearer to a coTistant figure from one end 
of the tnibe to the other, thus impronng 
the technical efficiency. 

Dated this Seventeentii day of October, 
1938 

F. SPANNEB. 
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65 I. Bdwam) Spanker,- of 13, 

• Shooters Hitt aoaavBIac3dieatix, lA>iido^ 
S.B.3. Bri.1ifili, do. hereby dedax© the 

. nature of thifl ' -iiiveiitioii and m jhat 

• maaner the saon© is to pexfomedi to 
70 ha particukrly desciihed .flOid aBccfftamd 

in and hy. the foUo^g ^^t^^^^S* 'JT ' 
This invention is concerned T\'ith tnbu- 
. . lar heat estthanee apparatus m vhach heat 
transfer is required between hot aud cold 
76 auids and in which the hot:flpid.i.e. gas 
ox Kauid is passed from an inlet cham'tex 
to ai outlet chamber, lihrougt a multi- 



plicity of steaiffht tubes expanded into 
tttihe platea at the ends of a shell contain- 
ing or confining the cold fiuid i.e. ffas or BO 
liq.uid, to which heat is to be transferred. , 

Efficiency {A heat transfer is dependent 
upon bringing all parts of the hot stream 
of fluid passing through each individual 
tube into intimate contajct with the wall o& 
of that tuibe, and in preyentbg " coring " 
o£ the hot fltiid i.e. passage of a central 
core of hot fluid along the tube, from the 
wall of which it is separated by outer 
layers of cooler fluid. STich conng is par- Oft 



pitch, (b) that there flhaUbeiS^uadne re* 
auction nt ctixin/^t. """uere- 



facnlarly difiadvantaseous to efficiency ia 

la apparatus of nomal practice 

plain round straight tubes thtsra a.. — oe no unuue re. 

6 short portion ^TtSbe ^thfSet^d « the tidj^St 

»f length from about 4 tim^trkw r «tetnal pressure such as would occu? S 70 

^e» the internal diaieiS al^ ^^ilh ffijl?"* ^*'^f * I?**^' 

of the turbulence which exists in tiS K J^^^^ ^"""^ t^e inside 

10 regxon as the result of the S £S H?„Sl*** nson^ spiraUed brushes of or- 

B,5denly been accelerated in ^ ccSSS fi."^ commercial standards. The inv^. 76 

manner while enterinff the Sht tion secures that these several reoW 

TMb turbulence doSnft p^St beTond r""*' f ^^^-^ proridi^ S 

ais distance and the D«s£!t1;S«f *'^! "^'^'^ depth of tU OTooTefshaU 

15 artifidally reinstat^LraSnC^ SS S^'^f'*^"^^* ^h^' extM W 

condition of turbiJence before coriSS J^ol*^A^fe\"''? ^''^ P^*^ the 

commence, by jirovidiag that eaS^tSS f e JnL^ w a^^^'' ^ ««d 8 times 

according to tJis inr^Stion -e^Il have mi«^^^ diameter. 



8Q 



piessed into it two or more grooves these 
20 grooves starting from a poS?^ J distance 
of from about i times to about 6 times Sie 

^'Tt^' ^""^ tl^e inlet So? 
tte tube, and being carried along the tube 

II ^ T'*^ a point wi^ Wo t« 

26 three aiajneters of the outlet end ' 

«. '"''i^ ^'""ff dealt with is 

a gas the mvention does more than simnlv 
accentuate turbulence. It is well Si 
that gas contracts very rapidly' with re- 
80 duction m temperature. Also that e^ 
change of heat between a hot gas flow^e 
along a tube and the waU of that S*^ 



sity of the gas between inlet and outlet 
the invention provides that a plain sS 
of metal or one twisted in the oJpoSe 
direction to the spiral grooves may L 
traduced along the length of tiie tube for 90 
the purpose of conducing some of the 
he|fc from the inlet end of the tube to ■ 
w^ the outlet end where the hiat m v" 
amiia be-given back to the hot ffas anl 

a stnp of metal also serves the purpose of 
increasing turbulence hy storing Lv 
tendency for the ins t« ♦it- J'^.^Jv 



The present inrvention secures that ike^th?'^^}^' f^t^' ^ot gas, 100 

linear velocitjr of flow of the gas Sativo wl,«f w*;,''*!*^'-'^ ^^^^ some' 

to thewaU of the tube shall be nr^vlS ^^«t with slowing down of the linear 

40 ^ri'^^ff f . alSoS^h the ga?S £J SirS.^n^^' ^¥ ^^^ention prSS 
40 cooled and reduced in volum; as it pasMs S f t ^f"'^'^' number and siw 
along the leacth pf the tttWfrwn mUf t!^ i- tubes chosen shall be such thatX 105 
e^t by proiSding that the dS of the """ll"^ H?s flow along the tub^ 

^iral grooves A Jl be increajefw hi IL p« s^nd ^"^ 6« 

inlet towards the outer ends, either in a tV^ 

ffftl?^ "^'^''i ^« * Sxadi^al CrTor heat ti^^If "^^"^^if *? ^^^'^ds of 
that the number of turns of the spirals -^*** *"^ff".aPl»aratus, in which hot 110 
per unit length of the tule shall bSl SJ? ^q^ds pass tiiraugh tubes sur- 

greater t(»wards the outlet end of the eZl^ M^**^^-^^^^^ «s and 

tianitisat.theinletend-w aiatbDtL t^^'^^ *** -"^'ich cold gases or 

60 tteso devices ehaU be usef together f« feS 1°^^ sw,^ufded hj 

the ^ . .^ J^^.^™' ^J^^^s or liquids It is immaterial alsj 116 



«e uoea logerner for 

'^^c^u'ff the objects already 



set 



liotVT S "jveniion also provides 

that in order further to increase the degree 
?L*flS*?^* promoted in the flow of the 
55 hc^ fluid, the direetoon of rotation of-tke 

length of the tuhe. if desired, and thS 
for simplicity of manufactura the spiS 

60 Sra^^s"**^*""-*^** « ^« 

BiiWlF ^POf*""^* the depth and 
lutch of the ^irjOfixooves should Be care- 
fuUy chpsen in order that (a) there shall 
i'S^Wase in the siount <rf «. 
65 sistance offend to the passage of ttf/i 



/«»wr^\, r -I*""" , « M immaterial also 
et liquid are oihtamed, or whether the Lt 
•gace within the tube itself at the Set 

Refeniag to the attached drawincs ^ 
Pigura 1 shows an out^de view irfVti^ 
accopdinff to this invention; ^ which A 
" are the g^ooTes/ ^ 

♦l.rJ!^v n «was section across 126 

the twhe ,|own m Figure 1 on the line 

Rgure 8 shows an outside ww of a tuhe 
A according to this ittr^ntion. in wH 

f^?*^^!?** ^^''i"'' '^''"ff length of 
the tube, the sroove at /being Lp« ISQ 



tbasi tiie^aTe at E and the groora at E 
deeper tban the groov atD. 

S^tione of the tuibe aii aa and bin are 
diown in Eigiure 4 and R^are & respec- 
6 tively. 

F^gTixB 6 shows the outside of a tube A 
aooardin^ to thia inventioii in which, the 
distance between tiie groores QG towards 
the entrance to the i^he ie g^reater than 
10 the distance between the einoilar gzooree 
SH towards the end of the taibe. 

Kgnre 7 showe a tahc A in accordance 
with tne invention in whicli the direction 
of rotatian of the spiral groove changes 
15 alon^ ite length. 

ligTiTB 8 ehow& a tabe A aocoiding to 
this mvenlioiL in whioh the spiral grooves 
L aore interrupted i.e; made in sliort 
lengths. 

20 MgTtre 9 showe a longitudinal cross sec- 
tioa through a ttfbe A aecord^ig to tJie 
invention provided with grooves CO, and 
having along its length, within the tube, 
a twisted element M. 

25 ^ A cross section o>f this tuJbe along the 
line ao is shown in Figure 10, 

In all these drsmnge it will be under- 
stood that the nnmber of grooves provided 
in the in:be may be two cr more. 

30 Having now particularly described and 
ascertained the nature of my said inven- 
tion, and in what manner the same is to 
be performed, I declare that wha* I olaim 
is:— 

35 1. A atralgh* tube for use in heat ex- 
change apparatus having at the inlet end 
a plain len^ of turhe of from about 4 
times to 6 tunes the internal diameter of 
the .tuibe followed by a length of tuibe 

40 having two or more spiral grooves in- 
wardly pressed into it and continuing 
along its length to a point within 2 to 3 
drameterB of the outlet end. 



2. A straight tube as claimed in Claim 

it in which the spiral grooves are increased 45 
in depth ither gradxudly or in a series of 
st^ towards the outlet end of the tube. 

3. A straight tu!be as daiimed in Claim 
1 in which epii^l grooves are decreased 

in pitch either gradually or in steps to> 60 
wards the outlet end o{ the tube. 

4. A straight tube as claimed in Claims 
1, 2 or 8 in whick thadirection of rotation 
of the spiral grooves is changed along the 
lengtli of -^le tube. 55 

6. A straight tube as claimed in Claims 
1, 2, 8 or 4 in which tiie spiral grooves 
are mterrupted, that is made in short 
lengths. 

A straight tube as claimed in Claims 60 
h 2, 3, 4j or 5, in which, the maximum 
depth of the (grooves does not exceed afcout 
one-eighth the external tulbe diameter. 

7. A straight tuie as claimed in Claims 

1* 2, 3, 4, 5 or 6 in which the pitch of the 66 
spirals lies -between about 6 and 8 times 
the internal diameter of the tube. 

& A straight tulbe as claimed in Claims 
1, 2, 3, 4, 5, 6 7, in which a plain or 
contraiy-twifited strin of metal ie intro- 70 
duced within the tube running along its 
length. 

9. Straight tubes ats claimed in Claims 
1, 2, 3, 4, 6, 6, 7 or 8, so chosen in num- 
ber and size, in relation to the steam of 75 
gas to be dealt with, that the linear 
vdvcity of gaa fltow along the tubes at the 
enfarance is not less than 60 feet per second, 

10. Straight tubes, having inwardly 
pressed grooves, and internal metal strips, 80 
and flunh tha/t the gas velocities there- 
throTi^h are as claimed in Claims 1 to 9 
inclusive, and as described and illustrated 

in the aocompanying drawings. 

^^^^^JJSiASIS^^ 1939. 
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